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regularly for many years. The birds had free access to food and water. The experimental groups consisted of from twelve to twenty chicks. The groups were duplicated when possible and the tests finished at 4 weeks.
Statistical analysis
Variance analyses were done on all the values in order to establish the significance of differences between mean weights. The analyses were based on group means whenever possible, but in the absence of replicate groups individual body-weights were used.
During these experiments two groups of chicks grew very poorly from the beginning and looked unthrifty. It seemed likely that they had been affected by chilling or some other factor unconnected with the experimental treatment. We thought it reasonable therefore to omit the figures for these groups from the statistical analysis.
Part I : experiments with inactivated penicillin
The materials tested in these experiments were samples of penicillin inactivated by either penicillinase or heavy mineral salts or by autoclaving; they were kindly supplied by Dr E. Lester Smith, F.R.S., of Glaxo Laboratories Ltd. They had been shown to have no antibiotic activity when tested against a range of organisms. D-Penicillamine and phenylacetic acid were also tested, as they are breakdown products likely to arise from the inactivation of penicillin. The sample of D-penicillamine was prepared by Dr E. Lester Smith; in his opinion no appreciable racemization during its preparation is likely to have occurred to give the L-form, which has been reported as having a growth-depressing effect on rats (Wilson & du Vigneaud, 1948 , 1950 ) and on chicks (Jukes, 1956) .
Diets.
In the first experiment the basal diet was a chick mash that had been used in this laboratory for some years and was known to give excellent growth up to 4 weeks of age. It had the percentage composition: maize 35, wheat 30, miller's offals 8-5, fish meal 10, dried skim milk 7.5, dried grass 3, dried brewer's yeast 3, limestone 1.5, salt mixture (NaC193-94, MnS04.4H20 6, K I 0.06%) 0.5, arachis oil (containing 64 i.u. vitamin D, and 680 i.u. vitamin A/g) I.
To this diet was added one of seven substances at a level equivalent to 25 mg benzylpenicillin/kg, the level usually employed in this laboratory : Benzylpenicillin was added at 10 mg and 40 mg/kg, and inactivated benzylpenicillin at equivalent levels. Procaine penicillin was added at the 40 mg equivalent level only and D-penicillamine at the 10 mg equivalent level only.
Results. The mean weights of chicks at 4 weeks of age are given in Tables I and 2 . It is clear that with neither basal diet did inactivated benzylpenicillin or its degradation products show any growth-promoting activity. On the other hand, both benzylpenicillin and procaine penicillin exhibited a growth response of an order frequently observed in this laboratory, although the response to procaine penicillin did not reach significance with the animal-protein diet. Diet. The effect of adding various levels of copper sulphate to the animal-protein ration used in part I was studied. Some groups of chicks also received the diet supplemented with procaine penicillin, either with or without copper sulphate.
Results. Mean weights of chicks at 4 weeks of age are shown in Table 3 . I n Expt I no significant increase in weight was observed, but in the groups receiving copper sulphate agreement between replicates was not very close. Similarly in Expt 2, over the whole range of doses from 0.025 to 0-2%, no significant increase in weight resulted. The highest level of copper sulphate significantly depressed the weight of chicks.
Experiment 3
Diet. According to Wacker et al. (1956) the growth of chicks is enhanced by the addition of copper sulphate or potassium sulphate to a diet low in animal protein.
In view of our failure to obtain any significant growth response with supplements of copper sulphate in the normal animal-protein diet, this diet was modified to contain only 2 yo fish meal and 3 yo dried skim milk, the difference being made up with maize.
To this new basal mash was added either 0.1% copper sulphate or an equimolar amount of potassium sulphate.
Results. The mean weights of chicks at 4 weeks of age are shown in Table 4 , from which it can be seen that no increase in growth rate resulted from the supplements. Indeed, on this occasion there was a significant growth depression with the normal animal-protein diet.
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Dietary supplements and chick growth 349 * Significantly different from controls at P < 0.05. For a detailed study of this problem, knowledge of the sulphur content of the diet and the requirement of chicks for sulphur would be necessary. However, as a preliminary indication it was thought worth while to substitute manganese chloride for the sulphate in the normal diet and in the diet low in animal protein. The low-protein diet with manganese sulphate was used as a control. All these diets were tested with and without the addition of 0'034% copper sulphate, which provided the sulphate equivalent of manganese sulphate. Results. The mean weights of chicks at 4 weeks of age are shown in Table 5 . No improvement in growth resulted from the addition of copper sulphate to any of the diets, nor did the replacement of manganese sulphate by the chloride cause any lessening in growth rate, when compared with that of chicks given the normal diet containing manganese sulphate in another experiment running concurrently.
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Experiment 5
Diet. There remained the possibility that any growth-promoting effect of sulphate was masked by copper toxicity. Therefore Expt 4 was repeated, but this time the diets were supplemented with potassium sulphate instead of copper sulphate. The potassium salt was added at the level used in Expt 3 .
Results. The mean weights of chicks at 4 weeks of age are shown in Table 6 . No differences were observed as a result of adding potassium sulphate to either the lowor the normal-protein diets.
Part 3 : experiments with furazolidone Diets. The chick mash described on p. 346, containing adequate amounts of animal protein, was used in all tests. The drug was added to the diet at the rate of 7.5 mg/kg. Procaine penicillin was added to the diet of some groups, at a level equivalent to 25 mg benzylpenicillin/kg, to serve as a basis for comparison of growth rates. Five experiments were done and on two occasions the antibiotic and furazolidone were both added to the diet.
Results. The mean weights of chicks at 4 weeks of age are shown in Table 7 . The diets with furazolidone or penicillin significantly (0.05 > P > 0.02) increased the growth rate over that of the controls. In Expts 4 and 5 , when the two drugs were given together, the growth increase was significantly (0.05 > P > 0.02) greater than that due to either substance alone. However, it should be noted that the response to penicillin was smaller than is usual in our laboratory and did not reach significance It is well known that copper-sulphate supplements stimulate the growth of pigs. Braude, Mitchell, Barber & Allen (1957) also reported that copper carbonate had a growth-promoting effect similar to that of copper sulphate, thus indicating that the activity is due to copper and not to the sulphate moiety. Wacker et al. (1956) also reported growth increases with 0.05% CuC1,. We have found (Coates, Davies & Harrison, 1956) 0.5 % copper sulphate to be toxic to the chick, although I % merely retarded the growth of pigs (Barber, Braude, Mitchell, Rook & Rowell, 1957) .
Our results with potassium-sulphate supplements do not confirm the findings of Wacker et al. (1956) . It is significant that Gordon & Sizer (1955) could obtain no growth response to sodium sulphate when the diet was supplemented with a mineral mixture containing the sulphates of magnesium, manganese and copper. When these sulphates were replaced by chlorides or oxides, sodium sulphate showed growthpromoting activity. These workers concluded that the chick can satisfy a small part of its total sulphur requirements from inorganic sulphates. 
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for sulphateper se, which could be satisfied by dietary sulphate or by sulphate obtained from the oxidation of sulphur-containing amino acids. Since our low-protein diet contained 3 yo dried skim milk it may have provided a source of organic sulphur not available in the diet of Wacker et al. (1955, 1956 ), which might account for our failure to confirm their results. However, the diet used by Gordon & Sizer (1955) contained 15 % casein and 10% gelatin, which would provide appreciable quantities of sulphurcontaining amino acids, yet added sodium sulphate stimulated growth on this diet. Thus no clear picture emerges from these conflicting results. No values have been given for the copper and sulphur content of the diets used by the different workers, or for the optimal requirements of the chick for both elements. Until such knowledge is available, it is impossible to evaluate the reported growth-stimulating effects of either copper or sulphate.
We have been unable to demonstrate any growth-promoting effect of inactivated penicillin or of the two degradation products, D-penicillamine and phenylacetic acid. Since D-penicillamine is a sulphur-containing amino acid it may be thought that its reported growth-promoting activity might be explained by its sulphur content.
However, at the level of 10 mg/kg at which both Wacker et al. (1956) and Jukes (1956) obtained growth responses, it contributed only about z p.p.m. of sulphur to the diet. This quantity could hardly account for the observed increases in weight. Residual antibiotic activity is unlikely to be the source of growth stimulation by inactivated penicillin, since several workers tested the materials they used for this activity. We can offer no explanation for these inconsistent results.
The results of our experiments with furazolidone indicate that it is an effective growth-promoting agent for chicks under the conditions tested. Coates, Dickinson, Harrison, Kon, Porter, Cummins & Cuthbertson (1952) and others have shown that antibiotics stimulate growth by suppression of an ' infection' present in premises regularly housing chicks, but absent from specially cleaned ones. Berg et al. (1956) found that the growth rate of chicks was enhanced by the addition to the diet of 55 mg or IIO mg furazolidone/kg. The increase in growth rate occurred in the presence of penicillin and with birds kept either in batteries or on litter. These workers suggested that the activity of furazolidone might be due to its effectiveness in combating a minor infection present in the environment. In contrast, Jacobs, Elam, Anderson, Gee, Fowler & Couch (1953) found no increase in the weight of chicks when their diets were supplemented with furazolidone, but these birds were housed in premises where no chicks had been kept for 10 weeks and which had also been thoroughly cleaned. In this experiment the several antibiotics tested were without effect. Libby & Schaible (1955) reported enhanced growth of chicks given 7-5 mg furazolidone/kg diet, whether penicillin was present or not. In the absence of the antibiotic, contamination of a 'clean' environment with used litter from a deeplitter house retarded growth, which was restored to normal by supplements of furazolidone. Francis & Shaffner (1956) tested furazolidone at several levels and obtained no response, but unfortunately they did not describe the environment in relation to 'infection'.
Our chick house in which the tests with furazolidone were done has been in continuous use for several years, during which a consistent growth response to penicillin has been obtained. We have been unable to test the effect of furazolidone on chick growth in 'uninfected' premises.
From the literature quoted and our own few observations, it seems likely that the mode of action of furazolidone in stimulating chick growth is similar to that of penicillin. Even if it is, there is insufficient evidence so far to settle the question whether both drugs are affecting the same organisms. SUMMARY I . %ode Island Red x Light Sussex cockerels were used in duplicate groups, of from twelve to twenty birds, to test several materials for growth-promoting activity.
2. When tested in premises where a growth response to penicillin was obtained, inactivated penicillin, D-penicillamine or phenylacetic acid failed to stimulate the growth of chicks.
3. No growth response resulted from the addition of copper sulphate or potassium sulphate to a diet containing a normal level or a low level of animal protein, even when the usual supplement of inorganic sulphate was omitted from the diets.
4.
The significance of these findings is discussed. 5. Furazolidone stimulated the growth of chicks to the same extent as did penicillin. When the drugs were given together, the response was greater than to either alone, although in this experiment an unusually small response to penicillin was obtained.
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